There is a new model of chronic duodenal ulcer in which the ulcer is generated by irradiating the lower mediastinum of mice with a single dose of 18 Gy 250 kV x rays. Single ulcers develop in the proximal duodenum of about half the animals. Previous studies have shown a remarkable morphological and behavioural similarity to duodenal ulcer in man. Ulceration occurs because of an imbalance between aggressive and defensive forces within the duodenum and an attempt has been made to elucidate the pathomechanism of this ulcer by determining acid and pepsin secretion. The basal and pentagastrin stimulated secretion of acid, pepsin, and histamine were measured and no changes in acid or pepsin secretion were shown to occur (risk of type II error <1%). It is therefore concluded that this chronic ulcer is a model of impaired duodenal defence.
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Abstract
There is a new model of chronic duodenal ulcer in which the ulcer is generated by irradiating the lower mediastinum of mice with a single dose of 18 Gy 250 kV x rays. Single ulcers develop in the proximal duodenum of about half the animals. Previous studies have shown a remarkable morphological and behavioural similarity to duodenal ulcer in man. Ulceration occurs because of an imbalance between aggressive and defensive forces within the duodenum and an attempt has been made to elucidate the pathomechanism of this ulcer by determining acid and pepsin secretion. The basal and pentagastrin stimulated secretion of acid, pepsin, and histamine were measured and no changes in acid or pepsin secretion were shown to occur (risk of type II error <1%). It is therefore concluded that this chronic ulcer is a model of impaired duodenal defence. (Gut 1992; 33: [1044] [1045] [1046] [1047] [1048] [1049] Duodenal ulcer is still a common disease and despite recent advances in the understanding of its mechanisms mortality from this disorder is increasing, especially in those over 65 years. ' The main, unsolved clinical problem is chronic duodenal ulcer. Understanding of the basic pathomechanisms in duodenal ulcer has been hampered by the absence of an experimental model that is truly chronic rather than an acute ulcer in which healing is delayed.
There is a new animal model that seems promisingly similar to chronic duodenal ulcer in man (Fig 1) . Ulcers were found by chance during an experiment on ulcerative oesophagitis after thoracic irradiation in the mouse.2 Ulcers are induced by irradiation of the lower mediastinum. A single dose of 18 Gy of 250 kV x rays induces an ulcer tendency that leads to the development of ulcers in the proximal duodenum in around 45% of animals by day 9. Spontaneous recovery occurred within one hour, during which time the animals were kept warm by infrared heat from a lamp before being returned to the standard conditions of the animal house. Three groups of animals were studied. Control mice (C) were anaesthetised and placed in the irradiation jig but were completely shielded. Animals undergoing upper mediastinal irradiation (U) received a single dose of 18 Gy 250 kV delivered at 1-68 Gy per minute. The field was 10 mm wide and 12 mm long and included the thoracic vertebra T4 cephalad. Mice receiving lower mediastinal irradiation (L) were given the same dose ofradiation to the same sized but adjacent field (T5-T10). Since U never leads to ulceration this group of mice was used as irradiated controls. Effects seen in the L mice, the ulcer group, could, therefore, be differentiated from any non-specific effects of thoracic irradiation.
Measurements of gastric secretion were performed on fasted animals (food and bedding removed overnight) but the mice were allowed tap water freely. Anaesthesia for all procedures except initial irradiation (when barbiturate was used) was the 'CRC cocktail' which is a mixture of: midazolam (5 mg/ml, Hypnovel, Roche), Hypnorm (fentanyl citrate 0.315 mg/ml and fluanisone base 10 mg/ml, Janssen), and sterile water in a ratio of 1:1:2. The initial dose was 0.01 mg/g ip followed by a subcutaneous (sc) dose of 0 01 ml/g divided between two sites, with further aliquots of 0.005 ml/g sc as required.
Anaesthetised mice were placed supine on cork boards and steadied by elastic bands around the four limbs. The temperature of the animals was monitored using a rectal thermometer with a digital read out (Comark). Warmth was maintained by radiant heat from lamps. A transverse epigastric incision was made through skin and muscles sparing the epigastric arteries. The stomach was then gently delivered onto the abdominal wall. The pylorus and oesophagogastric junction were each ligated in continuity with 4/0 Dexon (Davis and Geck). The oesophagus was ligated flush with the wall to spare the vagi. The aglandular forestomach was opened to allow gentle removal of the resting contents with forceps and moistened cotton wool before insertion of the cannulae. Polythene tubes (Sterilin; internal diameter 0.75 mm (input) and 2 mm (output)) were inserted; the output catheter had a tip with multiple perforations to allow sump collection of fluid. The stomach was then returned to the abdominal cavity and the wound covered with a moistened cotton wool pad. The inlet cannula was attached to a peristaltic pump (P3, Pharmacia) and isotonic, isothermic saline was perfused through the stomach at a rate of 0.4 ml/minute. Effluent was then delivered into polythene scintillation counter vials (Sterilin) on an ice bath (Fig 2) . The vials were changed every 10 minutes so that fractions of 4 ml were collected for each time interval.
An initial period of washing and equilibration of 30 minutes was allowed. Saline, 0-1 ml, was injected via the tail vein, to act as a control for the subsequent pentagastrin, and a one hour basal collection was then made. Pentagastrin (Peptavlon, ICI), 62.5 [tg kg-1in 0-1 ml saline was then injected. This dose gave a submaximal secretory response for both acid and pepsin in a preliminary dose-response study covering 6&7-500 ,tg kg-'. The collection continued for a further 90 minutes. At the end of the secretion study each animal was killed by cervical dislocation and the stomach was immediately removed en bloc for tissue assays.
Results were expressed as basal acid output (BAO), defined as the mean of the last two recordings during the basal collection, and peak acid output (PAO) defined as the highest mean obtainable from two consecutive recordings during the stimulated period.7 The measurements of luminal pepsin, histamine, and potassium were analysed in the same manner.
ASSAYS Perfusate
The volume of each of the perfusate samples collected over the course of the experiment was measured, to confirm complete collection without leakage from the circuit, and was then divided for assay of acid, pepsin, and histamine by the following methods:
(i) Acid in 0-1 ml aliquots: titration to pH 7 with 1 mM sodium hydroxide by an automatic titrimeter (Radiometer, Copenhagen);
(ii) Pepsin in 0-1 ml aliquots: spectrophotometry using haemoglobin as substrate8;
(iii) Histamine in 2.5 ml of perfusate: fluorometry after extraction via a short Dowex ion exchange resin column9; (iv) Potassium: flame photometry (Corning 405). ant difference in either basal or stimulated secretion of acid between any of the three test groups (C, U, L) at either of the time points (day 3 or day 7) (Fig 3) .
POTASSIUM
Potassium secretion was unchanged by treatment (C, U, or L), although day 7 concentrations were lower than those of day 3 for both basal and stimulated rates (Fig 4) .
PEPSIN
Pepsin secretion doubled after pentagastrin stimulation. No important differences were seen between the test groups at either time point (Fig 5) . Secretion in both the basal and stimulated states was less at day 7 than at day 3, an inverse trend to that seen for acid secretion, where basal but not stimulated levels were higher at day 7 (Fig 3) . Tissue pepsin values were also unchanged by treatment (Fig 6) .
HISTAMINE
Histamine secretion responded to pentagastrin stimulation in every case. Both basal and stimulated output of histamine were significantly higher in the L group on day 7 compared with the U and C group (p=003 ANOVA with contrast). No changes between groups were seen at day 3, although levels decreased by about sixfold in all groups between days 3 and 7 (Fig 7) . Gastric tissue concentrations of histamine and activity of its precursor enzyme histidine decarboxylase (a measure of the histamine forming capacity (HFC) of the mucosa) were unaffected by treatment at day 3. At day 7, however, histamine concentrations tended to be less in the L group than in the C and U groups but this was statistically insignificant (Fig 8) .
POWER CALCULATIONS FOR ACID AND PEPSIN
Acid and pepsin secretion were unaffected by treatment to induce duodenal ulcer. Histamine secretion alone differed significantly among the groups. Because this seems to be largely a 'negative' result, in the sense that differences in the secretion of acid and pepsin were not discovered, the confidence that a type II error (a false negative) has not been made was estimated. Power calculations (the power of a study of a given size to detect a particular difference) were applied prospectively to quantify the size of study required to detect a change of 40% with a power of 90% (vide supra). With the results available, by using the actual difference in observed means, the probability that a change of given size might have been overlooked in the study can then be calculated according to the following formula: secretion of acid and pepsin in control subjects and patients with duodenal ulcer is about 190%.' Using the equation above, the probability that a difference of this order has been missed in this series of experiments is less than 1% for both acid and pepsin. These studies therefore show that the ulcer formation is not due to hypersecretion of acid or pepsin.
Discussion
The abscopal ulcer is an ideal model of acute to chronic duodenal ulcer both morphologically and in terms of its natural history of chronicity and occasional complication. Yet we have confidently shown that the ulcer is not caused by hypersecretion of acid or pepsin. There was a tendency for the mucosal pepsin values to be higher at day 7 than at day 3, which, although not statistically significant in this study, was also seen in a smaller, preliminary study in which a significant change was shown." The tissue pepsin value changed inversely compared with secreted pepsin, which suggests that pepsin is released from stores more readily, both in the resting and stimulated state, at day 3 than at day 7; although this tendency was seen in all groups. Histamine secretion was decreased about sixfold in all groups at day 7 compared with day 3. There are many models of duodenal ulcerdo we need a new one? Ulcers induced by a deliberate state of hypersecretion," such as the histamine in beeswax model, cannot be expected to reveal any new insights into alternative mechanisms. Cysteamine has been used to induce ulcer'6 and, although an alternative to other models, the cysteamine ulcer could not accurately represent human chronic duodenal ulcer. This is because its chronicity can be achieved only by delivering a massive insult or repeated dosing so that it takes a long time for the acute ulcer to heal and often leads to the death of the animal in the acute phase. Spontaneous gastric ulcers occur in genetically mast cell depleted mice'7 and duodenal ulcer can occur spontaneously in autoimmune mice,'8 but the physiological situation is not normal in either case and nor are these suitable comparisons with human ulcers. Models ofmucosal damage in which a noxious agent such as ethanol is employed are simply not relevant to chronic duodenal ulcer. What is needed is an ulcer model which is a single, truly chronic, proximal duodenal ulcer. Ideally, such an ulcer would arise in an idiosyncratic way after the induction of an ulcer diathesis, and would behave similarly to human chronic duodenal ulcer, sometimes proceeding to the typical complications of bleeding, perforation, and stenosis and responding to treatment in a way analogous to man. The abscopal model seems to have the potential to fulfil these criteria, although evidence that it mimics the spontaneous healing and recurrence of human duodenal ulcer is so far lacking.
Previous studies2" have shown that the abscopal lesion is a proper model of duodenal ulcer in that acute inflammation and healing attempt take place simultaneously -this is true chronic inflammation. The complications of bleeding, perforation, and stenosis may occur.
The results of the present studies show that no hypersecretion of either acid or pepsin occurs and we conclude, therefore, that the model is mediated by a diminution of mucosal defence.
Further studies will attempt to elucidate the mechanism of this mucosal defect which may help us to understand better the underlying pathogenesis of human duodenal ulcer and to improve treatment.
